OPI 
AGJP 



DATE 
DATE 



17/10/95 
30/11/95 



APPLN. ID 
PCT NUMBER 



19028/95 
PCT/GB95/00634 



IHIIlllllMMli 



AU95 19028 



CT) 



(51) International Patent Classification 6 : 

C12N 15/82, 15/11, A01H 5/00, C08B 
30/14 



Al 



(11) International Publication Number: WO 95/26407 

(43) International Publication Date: 5 October 1995 (05.10.95) 



(21) International Application Number: PCT/GB95.00634 

(22) International Filing Date: 22 March 1995 (22.03.95) 



(30) Priority Data: 

9406022.5 25 March 1994 (25.03.94) GB 

94305806.5 4 August 1994 (04.08.94) EP 

(34) Countries for which the regional or 

international application was filed: GB ct al. 

95300210 2 13 January 1995 (13.01.95) EP 

(34) Countries for which the regional or 

international application was filed: GB ct al. 

(71) Applicant (for all designated States except US): NATIONAL 

STARCH AND CHEMICAL INVESTMENT HOLDING 
CORPORATION [US/US]; Investment Holding Corpora- 
tion. Suite 27, 501 Silverside Road: Wilmington. DE 19809 
(US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): COOKE David [GB/G3J; 
2 Hunts Path. Oakley. Bedfordshire MK43 7SR (GB). 
GIDLEY. Michael, John [GB/GBJ; 45 Holmes Avenue. 
Raunds. Northamptonshire NN9 6SZ (GB). JOBLING. 
Stephen. Alan [GB/GB]; 19 Burwell Road. Eaton Socon. 
Huntingdon, Cambridgeshire PE19 3QQ (GB). S AFFORD. 



Richard (GB- ; GB I; 10 Fumess Close. Bedford. Bedfordshire 
MK4I 8RN (GB). S1DEBOTTOM. Christopher. Michael 
(GB'GB); 35 Waterloo Road. Bedford. Bedfordshire MK40 
3PQ (GB). WESTCOTT. Roger. John [GB GB]; 46 Castle 
Street. Wellingborough. Northamptonshire NN8 1LW (GB). 

(74) Agent: KEITH W NASH & CO; Pearl Assurance House. 90-92 
Regent Street, Cambridge CB2 1DP (GB). 



(81) Designated States: AM. AT. AU. BB. BG. BR. BY. CA. CH, 
CN. CZ. DE. DK. ES. FI. GB. CE. HU. JP. KE. KG. KP. 
KR. KZ, LK. LT. LU, LV. MD. MG. MN. NfW. NL. NO. 
NZ, PL. FT. RO. RU. SD. SE, SI. 3K. TJ. IT. UA. US. 
UZ. VN. European patent (AT. BE, CH. DE. DK. ES. FR. 
GB. GR, IE. IT, LU. MC. NL, PT. SE). OAPI patent (BF. 
BJ, CF. CG. CI, CM. GA. GN. ML, MR. NE. SN. TD. TG). 
ARIPO patent (KE, MW. SD, SZ, UG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



A 



(54) Title: METHOD FOR PRODUCING ALTERED STARCH FROM POTATO PLANTS 



DSC PEAK TEMPERATURE (CJ 




10 15 
SBE ACTIVITY (U/g TUBER) 



20 



AVERAGE RESULTS SHOWN 



(57) Abstract 

Disclosed is a method of producing altered starch from transformed potato plants or their progeny, comprising extracting starch from 
a potato plant, at least the tubers of which comprise at bast an effective portion of a starch branching enzyme (SBE) cDNA sequence 
operably linked in the antisense orientation to a suitable promoter, such that the level of SBE activity is limited to less than 0.S units per 
gram tuber. Also disclosed are potato plants comprising altered starch in accordance with the invention. 
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Tide: Method for producing altered starch from potato plants 



FiHd of the Invention 



This invention relates to a method of obtaining novel types of starch from potato plants, 
to novel potato plants from which the starch may be obtained, and to vectors for obtaining 
said plants. 



Rnrk-prounH the Invention 



Starch is the major form of carbon reserve in plants, constituting 50% or more of the dry 
weight of manv storage organs - e.g. tubers, seeds of cereals. Starch is used in numerous 
food and industrial applications. In many cases, however, it is necessary to modify the 
native starches, via chemical or physical means, in order to produce distinct properties to 
suit particular applications. It would be highly desirable to be able to produce starches 
with the required properties directly in the plant, thereby removing the need for additional 
modification To achieve this via genetic engineering requires knowledge of the metabolic 
pathwav of starch biosvnthesis. This includes characterisation of genes and encoded gene 
products which catalvse the synthesis of starch. Knowledge about the regulation of starch 
biosynthesis raises the possibility of re-programming biosynthetic pauways to create 
starches with novel properties that could have new commercial applications. 

The commerciallv useful properties of starch derive from the ability of the native granular 
form to swell and absorb water upon suitable treatment. Usually heat is required to cause 
oranules to swell in a process known as gelatinisation. which has been defined (W.A. 
Atwell et al Cereal Foods World 33. 306-311. 1988) as "...-the collapse .disruption) of 
molecular orders within the starch granule manifested in irreversible changes in properties 
such as -ranular swelling, native crystallite melting, loss of birefringence, and starch 
solubilisation. The point of initial gelatinisation and the range over which it occurs .s 
eovemed bv starch concentration, method of observation, granule type, and heterogeneities 



PCT/CB95/006J4 

WO 95/26407 

2 

within the granule population under observation". A number of techniques are available 
for the determination of gelatinisation as induced by heating, a convenient and accurate 
method being differential scanning calorimetry. which detects the temperature range and 
enthalpy associated with the collapse of molecular orders within the granule. To obtain 
accurate and meaningful results, the peak temperature of the endolherm observed by 
differential scanning calorimetry is usually determined. 

The consequence of the collapse of molecular orders within starch granules is that the 
granules are capable of taking up water in a process known as pasting, which has been 
defined (W.A. Atwell et al.. Cereal Foods World 33. 306-311. 1988) as •...the 
phenomenon following gelatinisation in the dissolution of starch. It involves granular 
swelling, exudation of molecular components from the granule, and eventually, total 
disruption of the granules". The best method of evaluating pasting properties is considered 
to be the viscoamylograph (Arwell et al.. 1988) in which the viscosity of a stirred starch 
suspension is monitored under a defined time/temperature regime. A typical 
viscoamyiograph profile for potato starch is shown in Figure 5. in which the initial rise 
in viscosity is considered to be due to granule swelling. At a certain point, defined by the 
viscosity peak, granule swelling is so extensive that the resulting highly expanded 
structures are susceptible to mechanically-induced fragmentation under the stirring 
conditions used. With increased heating and holding at 95 °C. further reduction in viscosity 
is observed due to increased fragmentation of swollen granules. This general profile 
(Figure 5) has previously always been found for native potato starch. In addition to the 
overall shape of the viscosity response in a viscoamylograph. a convenient quantitative 
measure is the temperature of initial viscosity development (onset). Figure 2 shows a 
typical viscosity profile for starch (Kennedy & Cabalda. Chem. in Britain. November 
1991, 1017-1019). during and after cooking, with a representation of the physical state of 
the starch granules at various points. The letters A. B. C and D correspond to the stages 
of viscosity onset (A), maximum viscosity (B). complete dispersion (C) and re-association 
of molecules (or retrogradation. D). 

The properties of potato starch are useful in a variety of both food and non-food (paper, 
textiles, adhesive* etc.) applications. However, for many applications, properties are not 
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optimum and various chemical and physical modifications well known in the art are 
undertaken in order to improve useful properties. Two types of property manipulation 
which would be of use are firstly the controlled alteration of gelatinisation and pasting 
temperatures and. secondly, starches which do not suffer as much granular fragmentation 
during pasting as illustrated in Figure 1. Currently the only ways of manipulating the 
gelatinisation and pasting temperatures of potato starch are by the inclusion of additives 
such as sugars, polyhydroxy compounds of salts (Evans and Haisman. Starke 34- 224-231. 
1982) or by extensive physical or chemical pre-treatmenis (e.g. Suite, Starke 44. 205-214. 
1992). The reduction of granule fragmentation during pasting can be achieved either by 
extensive physical pre-treatmems (Stute. Starke 44. 205-214. 1992) or by chemical 
cross-linkins. Such processes are inconvenient and inefficient. It is theretore desirable to 
obtain plants which produce starch which intrinsically possesses such advantageous 
properties. 

Starch Biosynthesis 

Starch consists of 2 major components: amylose. a linear polymer of alpha, i-4 linked 
glucose units: and amylopectin. a branched polymer consisting of an alpha. 1-4 linked 
glucan backbone with alpha. 1-6 linked branches. The key enzymes in starch biosynthesis 
are the starch synthases and starch branching enzyme [alpha- 1.4-glucan: alpha- i.4-glucan 
6-glucosyltransf erase. EC 2.4.1.18]. Amylose is synthesized from adenosine 5"- <alpha-D- 
glucopyranosyl pyrophosphate), or "ADP-glucose \ by a starch synthase which is 
associated with the starch granule: the so-called "granule bound starch synthase ' (GBSS). 
Amylopectin is synthesized from ADP-glucose by the concerted action of a soluble starch 
synthase (SSS) and starch branching enzyme (SBE). SBE hydropses the linear aipha-1-4 
glucan chain and rejoins the cleaved portion via an alpha-1-6 linkage to produce a 
branched structure. The activity of SBE is thus of crucial importance in determining the 
type, and hence properties, of starch synthesized within plant systems. 

Starch Bn nch'ng Fnzvme 



In most plant species, SBE occurs in multiple forms (e.g. maize kernels. Boyer 
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Biochem. Biophys. Res. Commun. 80, 169-175 (1978): sorghum seed. Boyer. Phytochem. 
24, 15-18 (1985): rice endosperm. Smyth, Plant Sci. 57, 1-8 (1988): pea embryo. Smith. 
Planta 175, 270-279 (1988)). However, in potato tuber, only a single form ot" SBE has so 
far been identified (Blennow & Johansson. Phytochem. 50, 437-444 (1991)). 

Endosperm of maize contains three forms of SBE. namely SBE I. SBE Ila and SBE lib. 
The "amylose extender" (ae) mutation causes a large reduction of SBE activity and in 
particular loss of SBE lib. This reduction in SBE activity results in a higher ratio of 
amylose to amylopectin in endosperm starch compared to normal maize (Boyer &. Preiss. 
Biochem. Biophys. Res. Commun. 80, 169-175 (1978)). 

In pea embryos. 2 forms of SBE exist. The r (wrinkled) mutant of pea lacks SBE I activity 
and starch from this source has a higher ratio of amylose to amylopectin than normal peas 
[Smith, Planta 17f, 270-279 (1988)]. 

In potato, amylose-free mutants have been obtained by X-ray irradiation 
(Hoverkamp-Hermelink et al., Theor. Appl. Genet. 75, 217-221. 1987) and by 
transformation with antisense-GBSS constructs (Visser et al.. Mol. Gen. Genet. 225, 
289-296, 1991). However, no high amylose mutants of potato exist and efforts to produce 
such via transformation with antisense SBE constructs have, hitherto, been unsuccessful 
(e.g. DE 41 04782A1). In respect of the latter. Wilmitzer et al.. [Proceedings 
International Symposium on Plant Polymeric Carbohydrates, ed. Meuser. Manners & 
Siebel (1992) pp 33-39] have, using antisense SBE technology, produced tubers containing 
only 10-20% SBE activity of control tubers, but: "neither the amylose content of the starch 
in the tubers of these plants, nor the total starch content of the tubers, was altered " (p.39). 
Similarly. WO 92. 11375 suggests the use of an anti-sense approach to alter the starch 
content of tubers, but there was no reduction to practice and no data showing success of 
the approach, which disclosure cannot therefore be considered as enabling. 

The present inventors have been able to employ si::-;- techniques to obtain piants with 
even lower levels of SBE activity than those described h: V:iin::.vr. Surprisingly, 
especially in view o: Wilmitzer 's results, the s:..:." • -r* ^rcr. ?"- nts nas 
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unexpected novel, commercially useful properties. 



Summary of the Invention 

In a first aspect the invention provides a method of producing altered starch from 
transformed potato plants or their progeny, the method comprising extracting starch from 
a potato plant, at least the tubers of which comprise at least an effective portion of a starch 
branching enzyme (SBE) cDNA sequence operably linked in the antisense orientation to 
a suitable promoter, such that the level of SBE activity is limited to less than 0.8 units per 
gram tuber. 

A unit of SBE activity is defined below. 

It is believed that Antisense" methods are mainly operable by the production of antisense 
mRNA which hybridises to the sense mRNA. preventing its translation into functional SBE 
polypeptide (eg. Sheehy et al: 1988 PNAS 85, 8805-8809. Van der Rrol et al: Mol. Gen. 
Genet. 220, 204-212). Thus, it will be apparent to those skilled in the art that neither a 
full length SBE cDNA sequence nor a "native" SBE cDNA sequence is essential. 
Preferably the effective portion of an SBE cDNA sequence comprises at least 2 3 of a full 
length cDNA sequence, but by simple trial and error, other fragments (smaller or larger) 
may be found which are functional in limiting the SBE activity to less than 0.S units per 
gram tuber. Similarly, the S3E cDNA sequence could be a variant comprising several base 
mismatches (scattered throughout the sequence or concentrated -in a few regions) compared 
to a native SBE cDNA sequence, yet still give rise to an mRNA molecule capable of 
inhibiting the translation of mRNA derived from the sense strand of an SBE coding 
sequence. Such fragments and variants are within the scope of the invention. 

It will also be apparent to those skilled in the art rtut the sequence need not be a cDNA 
sequence according to the strict sense of the term, in that the sequence used could be an 
equivalent derived from a genomic SBE encoding sequence, although such genomic 
sequences will preferably be adapted (e g by the removal of mtron sequences). 
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Altered starch produced according to the method of the invention is found 10 have the 
following physical properties: 

a) elevated peak temperature ot' gelatinisation as determined by dinerenua: scanning 
calorimetrv (DSC) relative to unaltered starch produced from equivalent non-transtonned 
plants; and 

b) elevated viscosity onset temperature, relative to unaltered starch produced from 
equivalent non-transformed plants. 

The altered starch" possesses these qualities ah initio as first extracted irom the potato 
plant: the properties are not. for example, acquired by heating in the extractor, process. 

In a further aspect, the invention thus provides altered starch extracted from transformed 
potato plants or their progeny having less than 0.8 units SBE activity per gram tuber, the 
altered starch as extracted preferably having ab initio the properties defined above. 

The parameters given above are frequently used by those skilled in the art to determine 
the properties of starch. The Examples below describe particular assay methods by which 
these parameters may be determined. 

The peak temperature of gelatinisation is the temperature at which there is a maximum in 
the loss of order in granules within a sample of starch in the presence of excess water, as 
judced bv the heat flow required to maintain a constant rate of temperature increase, 
compared with a sample of water. Preferably the peak temperature of gelatinisation is 
elevated bv at least 2°C. more preferably by at least 5°C. compared to unaltered starch. 

For the purposes of the present specification, the viscosity onset temperature is detined 
as the temperature at which the viscosity of a 10<£ w w aqueous starch solution becomes 
at least 50*7 greater than the maximum viscosity of the solution at lower temperatures 
(above 50°O. Viscosity may be measured in arbitrary units (eg instrument stirnng 
number units or "SNU"). Preferably the viscosity onset temperature :s elevated by at leas: 
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3°C. and more preferably by at least 5°C. compared to unaltered starch. 

Preferablv the altered starch produced from the transformed plants (or the progeny thereof) 
has a peak temperature of gelatinisation (as determined by differential scanning 
caloriometry) of at least 71 °C and/or a viscosity onset temperature of at least "1~C. 

Preferablv the plants used in the method comprise a full length SBE cDNA sequence 
operably linked in the antisense orientation to a suitable promoter. 

The altered starch is extracted from potato plants in which the starch branching enzyme 
(SBE) activity is'less than 0.8 units per gram tuber. (A unit of activity is defined for 
present purposes as the amount of enzyme activity which incorporates into starch 1 
micromole of glucose per minute at a temperature of 30°C.) 

Preferablv -the altered starch is extracted from the plant by wet milling of potato tubers. 

Preferablv* the altered starch is obtained from transformed potato plants or their progeny, 
the tubers of which exhibit less than IOCS*, and preferably less than 5**.. of SBE activity 
compared to equivalent non-transformed control plants. 

In a further aspect, the invention provides a vector for modifying a potato piant so as to 
cause the plant to be capable of giving rise to tubers having less than 0.S units SBE 
activity per cram tuber, the vector comprising at least an effective portion o: an SBE 
cDNA sequence operably linked in the antisense orientation to a suitable promoter. 

Preferably the vector comprises a full length SBE CDNA sequence, preferably that ot 
potato SBE. operably linked in the antisense orientation to a suitable promoter Suitable 
promoters include the CaMV 35S and the GBSS promoters In a preferred embodiment 
the vector comprises a plurality of copies of the CaMV 55S promoter, p erabiy operably 
linked in a tandem arrangement. 



In . another aspect the invention provides a potato plan; capable of giving rise to tubers 
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havinc less than 0.8 units SBE activity per gram tuber and comprising ai least an elective 
portion of an SBE cDNA sequence operabiy linked in the antisense orientation to a 
suitable promoter. Typically, such a plant will have been transformed with an antisense 
SBE construct, or will be the progeny of such a plant. 

Preferably the plant tubers exhibit less than 10<£. more preferably less than 5fi . of the 
SBE aciivitv of equivalent non-transformed control plants. 

The various aspects of the invention will now be further illustrated by way of example and 
with reference to the drawings, of which: 

Figure I shows how the degree of gelatinisation or an unaltered starch sampie vanes with 
temperature, as measured by differential scanning caiorimetry: 

Figure 2. shows the typical viscosity profile of conventional starch during and after 
cooking, together with representations of the physical state of starch granules at various 
stages; 

Figure 3 shows how the degree of gelatinisation of a sample of altered starch in 
accordance with the invention varies with temperature as measured by differential scanning 
calorimetry (DSC): 

Figure 4 is a graph of peak temperature of gelatinisation rC) (as measured by DSC) 
against SBE activity (Units), showing how the two parameters are correlated. 

Fisure 5 is a graph of viscosity (SNU) against temperature <°C) tor unaltered starch: 

Figure 6 is a graph of viscosity onset temperature rC) against SBE activity (Units), 
showing how the two parameters are related: 

Figure 7 is a graph of viscosity (SNU) against temperature CO for altered starch in 
accordance with the invention: and 
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Fisure 8 shows the sequence of a full length potato SBE cDN'A clone. 



Examples 

Exam ple 1 - Construction of Plant Transformation Vector s containin" Antisense Starch 
Branching F.nzvme Genes 

i.^ Construction of Enhanced 35S Antisense Potato Starch Branchi n g Enzyme Plant 
Transformation Vector 

Initially a 1.4 kb EcoRI partial length cDNA for potato starch branching enzyme was 
purchased from the Agricultural Genetics Company (Cambridge. UK). This cDNA was 
isolated from a lambda phage library imethylase protected fragments) made from RNA 
extracted from potato rubers (cv Desireei using standard techniques (Sambrook. Fritsch 
& Maniatis. (1989) Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Lab. 
NY. 2nd Ed). Subsequently a partial cDNA clone of about 2.3kb was isolated containing 
an additional 0.9 kb of sequence 3" to the original cDNA and including the polyadenylated 
tail. 

Even later a full length clone was obtained and sequenced (shown in Figure S. Seq ID No. 
D. although only partial cDNA clones had been isolated by the time antisense experiments 
(described below) were conducted. The full length sequence shown in Figure S is in 
reasonably close agreement with the full length sequence of potato SBE disclosed by 
Poulsen & Kretberg (1993. Plant Physiol. 102- 1053-1054). although some differences 
are readily apparent. Other SBE sequences have also been described (Jens Rossmann PhD 
Thesis. Lebensmitteltechnologie und Bioiechnologie der Technischen Universitat Berlin 
1992 ). and again, there are sequence differences with the sequence shown in Figure 8. 
Nevertheless, in principle, it should prove possible to use sequences derived from, or 
based on. those disclosed in the prior art to obtain the present invention. 

The 5" end of the two partial cDNAs obtained by the inventors had the same EcoRJ site 
»at nucleotides 615-610 :n Figure S', Th, V of the :.'kb clone ,s at nucleotide 30S0 
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of Fioure 8 (which includes an EcoRI linker). The 2.3 kb EcoRJ fragment was subcloned 
in an antisense onentaiion between the duplicated cauliflower mosaic (CaMV) virus 3:>S 
promoter (Cabb-JI strain, equivalent to nucleotide 7(H() to 7376 duplicated upstream ot 
7040 to 7433) and the CaMV poiyadenylation signal nt 7435 : 126 (Franck A. Guilley H. 
Jonard G. Richards R and Hirth L (1980) Cell 2J.. 285-294) m the vector pJIT 60 
(Guerineau ct al.. (1992) Plant Mol. Biol. 18, 815-818). The promoter-antisense potato 
starch branching enzyme-poIyA fragment was then cloned into the piant transiormation 
vector BIN19 (Bevan M (1984) Nucl. Acids Res. 12. 8711-8721). 

( b) Construction of Patatin Promoter .Antisense Potato Sta rch Branchin" Fr-Tvme Plant 
Transformation Vector 

The 2.3 kb EcoRJ fragment (corresponding to about 2.3 ot the full length cDNA) ot the 
potato starch branching enzyme, was subcioned into the EcoRI site of the pBSSK II plus 
vector (Stratagene) to create pSJ5. A Xhol (KJenow repaired) Sad fragment containing the 
SBE fraement from pSJ5 was subcloned into pBI140.5 cut with Smal and Sad: this places 
the SBE in an antisense orientation with respect to the promoter. Tne resulting piasmid 
was termed pSJ7. For information. pBI140.5 is a BIN19 derivative containing a 3.5 kb 
Patatin type I promoter (Hindll! to Dral of PATH. Bevan M. Barker R. Gotdsborough 
A. Jarvis M. Ravanagh T & Iturriaga G (1986) Nucl. Acids Res. U- 4625-4638) and the 
poiyadenylation signal of the nopaline synthase (Bevan M. Barnes W & Chilton M-D. 
Nucl. Acids Res. J_L- 369-385). E. colt strain DH5r-' was transformed with pSJ" using 
standard techniques and the transformant deposited at the National Collections of Industrial 
and Marine Bacteria. 23 St Machar Drive. Aberdeen AB2 1RY. United K:r.gdorr. (date 
of deposit: 02/12 94: accession number NCI MB 40701). 

(c) Transformation ot ' Aernhaczer ium cumefaciens 

The plant transformation vectors containing antisense branching enzyme genes were 
transferred into A. tumetaciens (C58. pGV3850) using a direct DNA uptake protocol [.An 
el al.. Binarv. Vectors. In: Plant Molecular Biology Manual <ed. Galvm and Schiiperoort) 
.A3 (198S) 1-19] . 
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FxamD | e : . Transformation of Potato with Anti sense Starch Branching Enzvme 
Constructs 



fa) Smck Cultures 

Stock nodal cutting cultures of potato «cv. Desires) were maintained on Murashige and 
Skoog basa! media (MS) containing 1 S sucrose at 22 "C in an illuminated culture room 
(40 Mjoules. m : hr> with a 16h day. Cuttings were taken ever.- three weeks, with 5 piantlets 
grown in each Magenta vessel to produce nodes with large leaves [Westcon R. Prcc. 5th 
Intl. Cong. Plant Tjssue and Ceil Culture < 1982). ed. Fuiiwara. Tokyo). Estabhshment of 
plants into compost was as described by Westcott < 1982). 

(b) Tuberisation 

Tuberisation was achieved by transfer of single nodes to MS media containing SS sucrose 
and 2.5 mg/! benzylaminopurine (BAP) and incubating in darkness at 22 'C. After 
tuberisauon had proceeded to pea-sized rubers the explains could be transferred to Magenta 
vessels containing the same media for storage of up to 6 months. 

(c) Agrobact<*rinm Infection 

Halved in vitro rubers were incubated with log phase ,1. lumefaaens cells for 10 mm. after 
which the explant tissue was removed, blotted on filter paper and transferred onto nurse 
plates. Nurse plates were prepared by plating 2m! Siconana piumba?inofoiia suspension 
cells (Barf.eld et al.. Plant Cell Reports 4. 104-107 < 1985 u onto regeneration media <0.8S 
Bactoaur. MS salts. IS sucrose. 0.2 mg/1 indole acetic acid (IAA). 5 mg ! zeatm). 
Explains were incubated under illumination for 2 days before transfer to fresh regeneration 
media containing 500 mg/1 cefotaxime. 5 days later explants were transferred to the same 
media containing 100 mg l kanamyem. After 4 weeks ,'2 transfers, explants were 
transferred onto expansion media ('MS salts. IS sucrose. 1 .0 mg/1 gibbereihe ac:d,GA3) 
cmainins cefotaxime and kanamyem. After a total of 8 weeks, regenerating shoots were 
removed and transferred to basal media (MS salts. IS sucrose, containing cefotaxime and 
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kanamycin. 



(d) Growth of Plants 



Rooted resenerants. I -2cm high. %vere transferred to compost (50^ Levingtons. 50 fc got) 
and erown under high illumriation (400 /ijoules/m : :'nr> at 20 3 C day and 13°C night with 
a 16 hr day period. After 10-12 days, plantlets transferred to 3" pots containing Anhur 
Bowes Universal Compost. After establishment (40 days), four piants from each clone 
were reported together in 10" pots with same compost. Day length was reduced to 1 1 hr 
after approximately 100 days growth. Tubers were harvested after foliage senescence 
(approximately 120 days). 

Example 3 - Analysis of T ransgenic Plants 

(a) .Southern Analysis 

DNA was isolated from leaves of regenerated plants iDellaporta. Plant Mol. Biol. 
Reporter 1. 19-21 (1983)). digested with EcoRI. electxophcresed in a 1<7 C agarose gel in 
TBE buffer, transferred to Genescreen in 20 x SSC and u.v. cross-linked (Stratal inker. 
Strateene). Blots were hybridised to random-prime labelled (Amersham) 2.3 kb EcoRI 
potato starch branching enzyme fragment in 5 x SSPE <0.9M NaCl. 50mM NaH.POv 
5mM EDTA). 5 x Denhardts solution. 1 Tc SDS. 100 fig:m\ denatured salmon sperm DNA 
at 65 °C overnight. Final washing stringency was 0.2 x SSC. 1 ^ SDS at 65 8 C for 15 mm. 
Positive transformants were identified by hybridising ,14 and 0.9 kb fragments 
(endogenous SBE genes produced higher molecular weight hybridising fragments, 
presumably due to the presence of introns). 

(b) Srr.rch Branching F.nzvmc <SBE> Assav of Transgenic 
Tubers 

Sample rubers from t:ach plant were taken after harvest, washed and stored at -20 3 C until 
assav. 
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Frozen tubers were crushed in a mortar and pestle in 2 vol. extraction butler cooled to 
4 a C. The butter contained 100 mM 2-amino-2-(hydroxymethyl )- 1 .3 propanediol (Tris) pH 
7.5. lOmM ethylene-diaminetetra-acetic acid (EDTA). 2.5 rn.M diihioi.ueitol (DTD. 0. 1<? 
(w..v) sodium metabisuiphite and 10^ (w v> polyvmyi-poiypyrroiidone (PVPP). When 
completely homogenised the crude homogenate was clarified by cemrituging at lO.OOOg 
tor 10 minutes. The supernatant was retained tor the assay of starch branching enzyme 
activity. 

The standard SBE assay reaction mixture, in a volume ot 0.2 ml. was 200 mM 
2-(N-morpholino) ethanesulphonic acid (MES) buffer. pH h.5. 50mM["C]glucose 
1-phnsphate (100-nCi). 0.05 mg rabbit phosphorylase A and potato tuber extract. 
Incubations were performed at 30°C for 60 minutes. Negative controls contained either: 
(a) no phosphorylase. or (b) the potato tuber extract boiled for 30 minutes to destroy 
enzyme activity. The reaction was terminated and glucan polymer precipitated by the 
addition of 1 ml of 75 (y/v) methanol. 1C? (w v) potassium hydroxide (KOH) and then 
0.1 ml of glycogen (10 mg ml 1). Insoluble glucan polymer was pelleted by centrifugation 
and washed with a further 1 ml of methanol/KOH before being redissolved in water and 
the incorporated radioactivity measured in a Beckman LS 3800 liquid scintillation counter. 

Activitv was expressed as units, with one unit defined as 1 micromole ot glucose 
incorporated per minute. .All measurements were taken during the phase ot the assay when 
the rate of glucose incorporation was linear. 

The results are shown in Table 1. For the transgenic plants ;: can be seen that, relative to 
control values. SBE activity has been reduced by varying degrees. Severai plants have 
SBE activities less than 0.8U g tuber (below \Q<7 ( of average control values). 
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Starch Branching Enzyme Assavs of Transgenic Potato Tuner Extracts 

All starch branching enzyme activities were measured in duplicate and mean values taken. 
At low levels or activity absolute quantitation, via the standard phosphorylase assay, is 
more dirricult because inaccuracies introduced by background activity are proportionally 
much greater. 
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Example -t - .Analysis of Transeenic Starch Properties 

(a) Search Extraction 

Potato tubers were homogenised in water for 2 min in a Waring blender operating a: high 
speed. The homosienate was washed and filtered (initially 2 mm. then 1 mm filters) using 
approximately 4L of water per lOOg of tubers (6 extractions). Washed starch granules 
were finally extracted with acetone and air dried. 

(b) Differential Scanning Calorimetrv 

The temperature range for the loss of granule order upon heating starches in excess water 
was determined by differential scanning calorimetry. Starch powders isolated from a range 
of transgenic potato plants were analysed using the Perkin Elmer DSC 7 instrument. 
l-4mg of starch was accurately weighed into an aluminium sample pan. and water added 
so that the starch concentration was less than 25% w;v\ to give a total sample weight of 
10-15mg. An empty reference sample pan was used. A heating rate of 10°C/minute was 
used to heat the test and reference samples from 25 °C to 95 ° C Data analysis was 
performed using the instrument software. Examples of results are shown in Figures i and 
3. A number of temperature parameters can be obtained from such plots, the most accurate 
being the peak temperature. A difference in peak temperature of 2-3°C is readily 
determined as shown by comparison of Figure 1 (peak temperature 69.3°C) and Figure 
3 (peak temperature 72.0°C). 

Starches isolated from potato plants exhibiting .i range of starch branching enzyme 
activities (determined as described in Example 3b) were characterised by differential 
scanning calorimetrv. Peak temperatures are compared with starch branching enzyme 
activity in Figure 4, from which it appears that levels of enzyme activity less than O.SL' g 
of tuber are required for consistent increases in peak temperature. 



(c) Viscosity Dev.::;>pment 
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Starches isolated from a range of transgenic potato plants were analysed tor viscosity 
development ('pasting') following the loss ot granule order. The instrument used was the 
Rapid Visco .Analyser 3C (Newport Scientific. Sydney. Australia). Starch (2.50g) was 
weighed into an instrument sample holder, and water (22.50g) added so that the final 
concentration was 10^r w. w starch. Suspensions were equilibrated for 2 minutes at 50°C 
and heated under standard stirring conditions at I.5 3 C minute from 50 3 C to 95°C. then 
held at 95°C for 15 minutes. The viscosity developed was measured in instrument stirring 
number units (SNU). A typical trace obtained is shown in Figure 5. Tne broad maximum 
observed as a function of temperature makes the accurate determination of a peak 
temperature difficult, but the fact that viscosity starts from a very low ievel and rapidly 
rises allows an accurate determination of a viscosity onset temperature, defined as the 
temperature at which viscosity is at least 50 f r higher than at ail tower temperatures above 
50°C. 

The viscosity onset temperatures for starches isolated from potato plants exhibiting a range 
of starch branching enzyme activities v/ere determined, with the results shown in Figure 
6. These data show that a consistent increase in viscosity onset temperature is found for 
starches from plants containing less than 0.8U. g of tuber of starch branching enzyme. For 
those starches which show a higher viscosity onset temperature, other parameters of 
pasting (e.g. peak temperature) are also higher. This is illustrated by comparison ot 
Figures 5 (onset temperature: 70°C. peak temperature: 82°C) and " (onset temperature 
75°C. peak temperature: 87°C). 

Example 5 

Construction of GBSS antisense full length potato starch branching enzyme vector 

The inventors have recently made a further construct comprising a full length potato SBE 
cDNA in the anti-sense orientation under the control of the GBSS promoter Details ot the 
construction are given below. No experimental data regarding this construct are yet 
available. 
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A full lcneih cDNA clone for potato starch branching enzyme corresponding to nucleotides 
91-3114 plus an additional 10 bases at the 3" end (Poulsen. P. & Kreibere. J.D. Plant 
Phvsiol. (1993) 102: 1053-1054) was isolated from a potato ruber cDNA library (see 
above). The cDNA was excised from the plasmid vector by cutting with Sad and Xhol 
and inserted in an antisense orientation between the granule bound starch synthase 
promoter (GBSS) and the nos polyadenylation signal in the BIN 19 based plant 
transformation vector pPGB121 which had been cut with Sad and Sail. Tne GBSS 
promoter is a 0.8 kb Hindlll - Nsil fragment of the granule bound starch synthase genomic 
clone LGBSSwt-6: this promoter fragment directs GUS expression in an organ specific 
manner (up to 3350 fold higher in tubers than in leaves and up to 25 fold higher than the 
CaMV promoter) fVisser. R G F. Stollte. A. and Jacobsen. E. Plant Mol. Biol. (1991) 
17:691-699). 
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SEQUENCE LISTING 



(I) GENERAL INFORMATION 

(i) APPLICANT: 

(A) NAME: .'.a* i or.5 1 Starch anc Cne~vc£": Iryestmeit 

Hoidin? Ccrcc-ration 
(£} STREET; Suue 27. 501 S:1vers:de Road 
\2) CITY: Wilmington 
(D) STATE: Delaware 

COUNT?.':' • United States of America 
(r) POSTAL CODE (ZIP): 19309 



(li) TITLE OF INVENiION: Irorovements or ReUf.rc to 

Starch i 

(iri) NUMBER OF SEQUENCES: 1 

(iv). COMPUTER READABLE FORM 

(A) MEDIUM TYPE: Fioddv disk 
(3) COMPUTER: IBM PC ccmoatibie 

(C) OPERATING SYSTEM: PC -DOS/ MS -DOS 

(D) SOFTWARE: Patent In Release #1.0. Version =1.3C (E?0; 



(2) INFORMATION FOR SEQID NO: 1: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 3128 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(n) MOLECULE TYPE. cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEO ID NO: I: 



GAATTCGGCA 


CGAGAGCTuA 


AGCAAAGTAC 


CATAATTTAA 


1 LMM i Uu^A- 




6G 


TGTTTTGTCA 


AAACCCATTC 


GAGGATC 1 i ! 


TCCATCTTCC 


T'* * CCT a *. ^ 




120 


GGCTTCTAGA 


r ft x A » ^ • t ft T 


GTTTTCCTTC 


TCAACATAG i 


Aw i GuAL t uA 


Au ' • i u-jA w 


^ nr. 

JLOJ 


TCAGGAACGG 


TCTTGGGATA 


TTTCTTCCAC 


CCCAAAATCA 


Au AuTT Au -v~ 


• * *" A * * *. ~ 


* 0 


GATGAAGCAC 


AGTTCAGCTA 


TTTCCGCTGT 


TTTGACCGAT 


GACA4TTCGA 


CAATGGCACC 


300 


CCTAGAGGAA 


GATGTCAAGA 


CTGAAAATAT 


TGACCTCCTA AATTTGGATC 


CAAC i i i uGA 


360 
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ACCTTATC7A GATCACTTCA GACACAGAA7 
TGAAAAA7AT GAGGGACCCC T7GAGGAA77 
CAGGGAAG-T GGTTGCATAG TI ATCG^uA 
TATTGGCGAT 7TGAATGGAT GGAACGG^TT 
TGTTTGGAG7 ATT AG A A >, ( w u = ~A 1 u ; i ^ - 
AGTTAAG7T7 CG77TCAAAC 
AAAGTATGIC ACTGCAGACG CC-CAAAG77 
CCCACCACCT TCAGAAAGGT ACCAC77CA- 
ACGAATCTAC GAAGCACATG TCGGCATGAG 
TGAGTTTGCA GATGATGTTT 7ACCTCGGA" 
GATGGCCA7A A7GGA.ACA77 C~7AC7A7GG 
TGCTGTGAGC AATAGATATG GAAACCCGGA 
TAGCTTGGG.T 77ACAGGTTC 7GG7GGA7G7 
TGATGGCCTC AATGGCTTTG ATATTGGCCA 
AGAGCGAGGG TACCATAAGT TGTGGGATAG 
TCTTCGTTTC CTTCTTTCCA AC7TGAGGTG 
TCGATTTGAT GGAATAACTT CTATGCTGTA 
AGGAAACTAT AATGAGTATT TCAGCGAGGC 
GTTGGCCAAT AATCTGATTC ACAAGAT7T7 
TTCTGGTATG CCGGGCCTA GCCGGCCTGT 
CCTGGCAATG GCAATCCCAG ATAAG7GGA7 
TTGGTCCATG AAGGAAG7AA CATCGAGTTT 
AGCATATGCG GAGAGCCATG A7f AG7C7A7 
AATGGACAAA GAGATGTATT J7GGCA7G7C 
TCGAGGAATT GCGCTTCACA AGATGATCCA 
GTACCTCAAT TTCATG6GTA ACGAGTTTGG 
GGGCAATAAT TGGAGTA7G ACAAATGTAG 
CTTGAGATAC AAGTTATGA ATGCATTTGA 
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•j-.^GAu.n i A ; u : 'j-jA i i,nu- A-.-. : u_ i 

i j.I C<~-~. J'J i i .— ; i : ~_— .A— : ! ! J J- ! ■: - ~. 
A : .:u"J'w : w_ ■ U _ ' u_ ■ -A^j _ - s-.- J 

TA-CC ACA : j; -:-jGAGAAl:- A_ w A. w : ; - 

■„A : j ! u : i ! .-v_ : _ J 

Au i GTGGG i .- -j-. •■ C\jT.-. i Cv_ C i ; ; - o < 
TGCAGCACCA TAiG-iGGio 7C:A_:~.:~- 

A i AC- i -3 _ Cw • -^'wA.A- ■_ 

CAGC7C7GAG CCACGTGTAA A77C37A.7_3 
■ i AAoGCAA.— : A. Aw i .-. i A.A i i j .. 

ATCATTTGGA TAiCAiGt.'A CAAA_ s 
GGACCTAAAG TATCTGATAG ATAAAGCACA 
AGTTCACAGT CATGCAAGCA ATAATGTCAC 
AGGTTCTCA.A GA.ATCCTACT TTCATGCTGG 
CAGGCTGTTC AACTATGCCA ATTGGGAGGT 
GTGGCTAGAA GAGTATA.ACT TTGACGGAT" 
TGTTCATCAT GGAATCAATA 7GGGA777AC 
TACAGATGTT GA ; GC i G i GG i l ; - . : 
CCCAGACGCA A'CTGTTATTG 
T7CTGAGGGA GGAATTGGTT TTGATTACIG 
AG A i i ~ J . i A AAGAA i AAu- A > -jA . ■jA-.o-- 
GACAAATAGG AGATATACAG AGAAGTG"-" 
Tu "CGGTGAC AAGACCAT7G CATTTCTC:" 
TTGCTTGACA GATGCTTCTC CTG77G77G- 
TTTTTTCACA ATGGCCTTGG GAGGAG-GGG 
CCA7CC7GAG 7GGA7TGAC7 7CCC7AGAGA 
ACGCCAGTGG A.ACCTCGCAG ATAGCGAAC- 
TAGAGCTATG AA7TCGCTCG A7GAAAAGTT 
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C7CA77CC7C GCA7CAGGAA AACAGA7A : 'j • AAu'_ Avr^A ; u la A : ..j-.Tlj-. — - * -wj^ ■ i u -L 0 0 

TGTG777GAA CG"G7GACC 7GG7A7776' ATTCAAITT: CACGCAAA""- a;:,:A7ACG- 2:50 

AGGGTATAAA G77G3A7G7G ACH'GZCAG^ GAAGTACAGA G . ; ^_AC . ■ j- : 222j 

TTGGGAATTT GGTGGCCATG GAAGAGG7GG 7CA7GA7G"T7 G~CCA"H~li CA-CA^CA^- 22 SC 

AGGAATACCT GGAGTTCCAG AAACAAATTT :AA7GG733~ IGAAATT;: - 7CAAAG t G:~ 2340 

GTCTCCTGCG CGAACA7G7G 7GGC77A77A CAGAG77GA7 GA.AGGGATG" CAGA--27GA 2400 

AGATTACCAG ACA5ACAT7T G7AG7GAGC7 AC TAG C A.AC A GCCAA7A7CG AGGAAAG7G- 2460 

CGAGAAACTT AAAGA7TCA7 CA7C7ACAAA 7A7CAG7ACA 7C-727ACAA AAAA73C77- 2520 

TTACAGAGT7 GA7GAACGCA 7G7CAGAAG3 7GAA.GATT-C CAGACAGACA ~ 73~~G7G- 2530 

GC7AC7ACCA ACAGCCAA.7A 7CGAGGAGAG 7G AC GAG AAA C"GA7G- — 2A~ -'C7AI 26^0 

AAA7A7CAGT AACA77GG7C AGAC7G7TG7 AG7TTC7G~ GAGGAGAG^G -2A-3GAA_ 2/ 00 

7AAAGA77CA CCA7CTG7AA GCA7CATTAG 7GA7GC7G77 C2AGC7GAA7 GGGC7GA7T1 2760 

GGA7GCAAAC GTC7GGGGTG AGSAC7AG7C AGA7GATTGA 7CGA7CCT7C 7ACG~ T GG7G 2820 

ATCTTGGTCC GTGCATGATG 7C77CAGGG7 GG7AGCAT7G AC7GATTGCA 72A7A3 : . ■ 2880 

j | 1 | i i i i i i 7AAG7A777C C7C7A7GCA7 A77AT7AGCA 7CCAA7AAA7 7TAC7GGT7G 2940 

TTGTACATAG AAAAAG7GCA T7TGCATG7A 7G7G7T7C7C 7GAAA7777C CICAG7777" 3000 

GGTGCT77GC C777GGAGCC AAGTCTCTA7 A7G7AA7AAG AAAAC7AAGA ACAA7CACA* 3060 

A7A7AAAA7G 77A37AGA77 ACCA7AAAAA AAAAAT7AA- AAAAAAAAA- AAAAACC3- 3120 

GGGGGGGC " w 
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CLAIMS 

1. A method oi" producing altered starch from transformed potato piants or their progeny, 
the method comprising extracting starch from a potato plant, at least the tubers of which 
comprise at least an effective portion of a starch branching enzyme (SBE) cDNA sequence 
operably linked in the antisense orientation to a suitable promoter, such that the level of 
SBE activity is limited to less than 0.8 units per gram tuber. 

2. A method according to. claim 1. wherein the tubers contain at least 2. 3 of an SBE 
cDNA sequence operably linked in the antisense orientation to a suitable promoter. 

3. A method according to claim 1 or 2. wherein the starch is extracted from piants. the 
tubers thereof having less than 10^ . and preferably less than 51 . of the SBE activity in 
equivalent non-transformed plants. 

4. A method according to any one o: claims 1. 2 or 3, wherein the peak temperature of 
gelatinisation of the starch so produced is elevated by at least 2°C. preferably by at least 
5°C, compared to unaltered starch produced from equivalent non-transformed plants. 

5. A method according to any one of the preceding claims, wherein the viscosity onset 
temperature of the starch so produced is elevated by at least 3°C. and preferably by at 
least 5°C. compared to unaltered starch produced from equivalent non-transformed plants. 

6. A method according to any one of the preceding claims, wherein the peak temperature 
of gelatinisation {as determined by differential scanning calorimetry) of the starch so 
produced is at least 71 °C. 

7. A method according to any one of the preceding claims, wherein the viscosity onset 
temperature of the starch so produced is at least 71 3 C. 

8. A method according to any one of the preceding claims, comprising wet milling of 
potato tubers. 
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9. Altered starch produced by the method of any one of the preceding claims. 

10. A vector for modifying a potato plant so as to cause the plant to be capable oi giving 
rise to tubers having less than 0.8 units SBE activity per gram tuber, the vector 
comprising at least an effective portion of an SBE cDNA sequence operably linked in the 
antisense orientation to a suitable promoter. 

11. A vector according to claim 10. comprising a full length SBE cDNA sequence 
operably linked in the antisense orientation to a suitable promoter. 

12. A vector according to claim 10 or 11, wherein the SBE cDNA sequence is a potato 
SBE cDNA sequence. 

13. A vector according to any one of claims 10. 11 or 12. wherein the vector comprises 
the CaMV 35S or the granule bound starch synthase fGBSS) promoter. 

14. A vector according to any one of claims 10 to 13. comprising a plurality or copies ot 
the CaMV 35S promoter. 

15. A vector according to any one of claims 10 to 14. comprising two or more copies of 
the CaMV 35S promoter operably linked in a tandem arrangement. 

16. A vector according to any one of claims 10 to 13. comprising a tuber-specific 
promoter. 

17. A transformed potato plant or the progeny thereof capable of giving rise to tubers 
havine altered starch, and comprising at least an effective portion of an SBE cDNA 
sequence operably linked in the antisense orientation to a suitable promoter, such that the 
level of SBE activity is limited to less than 0.8 units per gram tuber. 



18. A potato plant according to claim 17. comprising altered starch having a peak 
temperature of gelatinisation elevated by at least 2°C. preferably by at least 5*C, 
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compared to unaltered starch produced from equivalent non-transformed 
plants. 

1 9. A potato plant according to claim 1 7 or 1 8. comprising altered starch 

5 having a viscosity onset temperature elevated by at least 3°C, and preferably 
by at least 5°C, compared to unaltered starch produced from equivalent non- 
transformed plants. 

20. A -potato plant according to any one of claims 1 7. 1 8 or 1 9, comprising 
starch having a peak temperature of gelatinisation as determined by differential 

10 scanning calorimetry(DSC) of at least 71°C. 

21 . A potato plant according to any one of claims 1 7-20, comprising starch 
having a viscosity onset temperature of at least 71 °C. 

22. Altered starch extracted from transformed potato plants according to any 
one of claims 17 -21 , the plants having less than 0.8 units SBE activity per 

15 gram tuber, wherein the starch as extracted has the following physical 
properties: 

a) elevated peak temperature of gelatinisation as determined by differential 
scanning calorimetry (DSC) relative to unaltered starch extracted from 
equivalent-non-transformed plants; and 

20 b) elevated viscosity onset temperature, relative to unaltered starch 
extracted from equivalent non-transformed plants. 

23. Altered starch according to claim 22. wherein said starch is extracted 
from plants, the tubers thereof having less than 10%. and preferably less than 
5%, SBE activity compared to equivalent non-transformed plants. 
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24. Altered starch according to claim 22 or 23. wherein the peak temperature 
of gelatinisation is elevated by at least 2°C. preferably at least 5°C . compared 
to unaltered starch extracted from equivalent non-transformed plants. 
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25. Altered starch according to any one of claims 22. 23 or 24. wherein the viscosity 
onset temperature is elevated by at least 3°C. and preferably at least 5*C. compared to 
unaltered starch extracted from equivalent non-transformed piants. 
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GAArrCGGC^CGAGAGCTGAAGCAAAG TACC ArA^.TTTAATCAATGGAAATTAATTTCA^ 6C 

7GTTTTGTCAAAACCCATTCG AGGA TCTTTTCCATCTTCCTCACCTAAAGTTTCTTCAG-3 12C 

GGCTTCTAGAAATAAGATATGTTTTC CTTCTCAACATAGTACTGGACTGAAGTTTGGA." 2 ISO 

TCAGGAACGGTCTTGGGATATTTC T~ 3CA CCCC AAAA7CAAGAG7TAGAAAAGATGAAAG 2-iQ 

GATGAAGCACAGTTCAjGCTATTTCCGCTGTTTTGACCGA""-GACAATTCGACAATGGCA.C3 200 

C C TAGAGGAAGATGTCAAGAC TGAAAATATTGACCTCC TAAA TTTGGATCCAACTTTGGA 2 - ^ 

acc™tctagatcacttcaga£acagaatgaagagatatgtggatcagaaaatgc7^t 

tgaaamtatgagggaccccttgaggmtttgctcaaggtta7ttaamtttgga7tcaa a£ _ 

CAGGGAAGATGGTTGCATAGTCTATCGTGAATGGuCTCCTGCTGCTCAGGAAGCAGAAGT 5*0 

tattggcgatttcmtggatggmcggttctaaccacatgatggagaaggaccag7ttgg 600 
tgtttggagtattagaattcctgatgttgacagtaagccagtcattccacacaac^ccag 
agttaagtt7cgtttcaaacatggtaatggagtgtgggtagatcg7a7ccc7gcttgga t 

AAAG7A7GCCACTGCAGACGCCACAAAGTTTGCAGCACCATA7GA7GG7G7CTACT3GG.A 

CCCACCACCTTCAGAAAGGTACCACTTCAAA7ACCCTCGCCC7CCCAAACC23'3AGCC22 S-0 

ACGAATCTACGAAGCACATGTCGGCATGAGCAGCTCTGAGCCACGTGTAAA7TCGTATC2 9CC 

TGAG7TTGCAGA7GATGTTTTACCTCGGATTAAGGCAAA7AA.CTA7AA7AC7GTC CAGTT 96 : 

GATGGCCATAATGGAACAT7CTTACTATGGA7CATTTGGATATCA7GTTACAAACTTTTT 1 22C 

TGCTGTGAGCAATAGATATGGAMCCCGGAGGACCTAAAGTATCTGATAGATAAAGCACA L 2£C 

7AGC TTGGGTTTACAGGTTCTGGTGGATGTAGTTC AC AGTCATGC AAGCAA. 7AA.7G 72 A 2 i L 42 

TGATGGCCTCAATGGCTTTGATATTGGCCMGGTTCTCAAGAA7CC7ACT~TCATGCTGG 1ZC-C 

AGAGCGAGGGTACCATAAGTTGTGGGATAGCAGGCTGTTCAACTA7GCCAA7TGGGAGGT 1260 

TCTTCGTTTCCTTCTTTCCMCTTGAGGTGGTGGCTAGAAGAG7A7AAC7TTGA.CGuA7~ L 32C 

7CGA7TTGA7GGAA7AACTTCTATGCTGTA7G7TCA7C ATGGAATCAA7A7GGGA7TTAC 12SC 

AGGAAAC7ATAA7GAG7ArrTCAGCG AGGC TACAGA7GTTGA7GCTG7GG7C7A7TTAA' i £40 

GTTGGCCAA7AATCTGATTO\(3MGATTT7CCCAGACGCAAC7G7TA7TGCCGAAGA7G7 i 5CC 

7TC7GGTArGCCGGGCCTTAGCCGGCCTGTTTCTGAGGGAGGAAnGG7TTTGA7TACCG L 560 

CC7GGCM7GGCAA7CCCAGA7AAGTGGATAGA7TATTTAAAGAATAAGAA7GA7GAAGA 1 520 

TTGG7CCA7GAAGGAAGTAACATCGAGTTTGACAAA7AGGAGA7ATACAGAGAAG7G7A 7 1660 

AGCATATGCGGAGAGCCATGA7CAGTCTA7TGTCGGTGACAAGACCA7TGCA7TTC7CC7 1 740 

AA7GGACAAAGAGA7G7ATTC7GGCA7GTC7TGCTTGACAGA7GCT7C7CC7G7TG7TGA. 1 800 
TCGAGGAATTGCGC7TCACAAGATGA7CCA i i I I i I CACAA7GGCC7TGGGAGGAGAGGG 

GTACC7CAATTTCA7GGGTAACGAGTTTGGCCA7CCTGA.GTGGA7TGAC7T2CC7AGAG- L92 
GGGCAATAATTGGAGTTA7GACAAATGTAGACGCCAG7GGAACC7CGCAGA7AGCGAACA 

CTTC^GA7ACAAG7TTATGAA7GCATTTGA7AGAGC7A7GAAT7CGC7CGA7GAAAAG7~ 2 Z 

CTCA7TCC7CGCA7CAGGAAAACAGA7AG7AAGCAGCA7GGA7GA7-GA7AA7AAGG7-3- 21 10 

7G7G7TTGAACG7GGTGACCTGGTAT7TGTA7TCAAC7TC CACCCAAA7AACACA7ACa^ 2 1 6 2 

AGGG7ATAAAG7TGGA7GTGACTTGCCAGGGAAGTACAGAGTTGCAC7GGGCAG7GA7G2 ZZ2Z 

7TGGGAA7T7GG7GGCCATGGAAGAGCTGG7CA7GA7G7TGACCA7TTCACA7CACCAGA 22SC 

AGGAATACCTGGAGTTCCAGAMOVAATTTCAATGGTCGTCCAAA7TCC7TCAAAGTGC7 234 : 
GTCTCCTGCGCGAACATGTGTGGCTTATTACAGAG7TGA7GAACGCA7G72AGAAACTGA 
AGAnACCAGACAGACATTTGTAGTGAGCTAC7ACCAACAGCCAA7A7CGAGGAAAGTGA 
CGAGAAACTTAAAGATTCATCATCTACAAATA7CAGTACA7CA7CTACAAAAAA.7GCTTA 
TTACAGAG7TGA7GMCGCATGTCAGAAGC7GAAGA77ACCAGACAGACA7T7G7AG7-3A 
GC 7ACTACC AAC AGCCAATA7CGAGGAGAG 7GACGAGAAAC77GATGA i iCAi .A7CTAI 
AAA7ATCAG7AACA7TGGTCAGACTGTTGTAG7T7C7G7TGAGGAGAGAGACAAGGAAC7 

TAAAGATTCACCA7C7GTAAGCATCATTAG7GATGC7GTTCCAGC7GAA7GGGCTGATT2 2 76 G 

GGATGCAAACGTCTGGGGTGAGGACTAGTCAGATGA7TGATCGA7CC7TC7ACG7TGG7G 2820 

ATCTTGGTCCGTGCATGATGTCTTCAGGGTGG7AGCA7TGACTGA77GCA7CA7AG7TTT 2880 

1 1 i I 11 1 1 1 1 I AAG7A7T7CC7CTA7GCA7A7TA7TAGCA7CCAA7AAA7TTAC7 GG773 2940 

TTGTACATAGAAAAAGTGCATTTGCATGTATG7GTTTCTC7GAM7TTTCCCCAG7TTTT 3000 

GGTGCTTTGCCTTTGGAGCCAAGTCTCTATA7GTAATAAGAAAAC7AAGAACAA7CACA7 3C6G 

A.TA7AAAA7GTTAG7AGATTACCA7AAAAAAA- AA 7TAAA.AAAAAAAAAAAAAAAC 7CG A 3 1 2C 

GGGGGGGC -312c 
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